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Abstract:

Method of standard addition (MSA) is used to account
for and quantify matrix effect. In this study, MSA was
used to analyze the matrix effect of mahi-mahi and tuna
in respect to biogenic amine detection. Two different
detection methods were used in conjunction with the
MSA procedure: a colorimetric strip that detects vola-
tile biogenic amines and a histamine-specific ELISA
(enzyme-linked immunosorbant assay), which detects
histamine in the liquid phase. Trained sensory experts
were utilized to grade mahi-mahi and tuna. The grading
system acted as a measure of fish quality. A biogenic
amine cocktail was created to act as the standard spike
for the MSA procedure. It contained histamine and
other biogenic amine compounds of varying volatility
that are present in nature. The ELISA-MSA showed a
clear correlation between increase in histamine and a
lower quality sample (higher numerical grade). The
colorimetric strips did not have a clear correlation be-
tween biogenic amine content and grade. Comparing
the two methods demonstrates that the matrix effect of
the tuna and mahi-mahi is likely more prominent with
gas phase compounds than liquid phase compounds.
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Introduction

Histamine and other biogenic amines are found in
food products and can have toxicological implica-
tions. These compounds are known to affect vari-
ous biological systems including the respiratory,
gastrointestinal, cardiovascular, hematological,
and immunological systems (Prester, 2011). Other
biogenic amines of toxicological interest include
tyramine and cadaverine. These compounds com-
pete with histamine for oxidation by histamine
metabolizing enzymes, thus increasing the toxicity
of histamine itself (Halasz, 1994). Histamine is a
major food safety concern as the compound is
heat-stable and thus not affected by any cooking
process (Ahmed, 1991). The primary illness asso-
ciated with the presence of histamine in fish is
scombroid poisoning.

Scombroid poisoning has a number of symptoms
ranging from nausea, vomiting, GI distress, and
many signs of an anaphylactic attack like swelling
and itching. Although rare, these symptoms can be
severe enough to result in death. The symptoms
appear quickly, normally within an hour of con-
suming the spoiled fish (CDC, 2013). Scombroid
poisoning was initially associated with Scombroi-
dae fish (including tuna and mackerel) but other
vectors have been identified outside of this classi-
fication including mahi-mahi. Tuna and mahi-
mabhi are the two most implicated causes of scom-
broid poisoning in the US (CDC, 2013).

The principle seafood product attributed to scom-
broid poisoning is spoiled fish, mainly tuna spe-
cies that naturally contain high levels of histidine
(a precursor of histamine). The conversion of this
amino acid to the toxic biogenic amines is carried
out by certain bacterial species including Morga-
nella morganii, Klebsiella pneumonia, Hafnia al-
vei, Pseudomonas putrefaciens, and Clostridium
perfringens that contain the histidine decarbox-
ylase enzyme (Ashie, 1996; Hidalgo and others,
2013). Moderate temperature and low pH favor
the formation of histamine (Hidalgo and others,
2013). Histamine does not exist in even distribu-
tion within the fish muscle. Instead, it is found in
highest concentration in areas around the dorsal
and interior muscles (Yamanaka, 1982).

Imported fish (particularly mahi-mahi) have been
the source of many scombroid poisoning out-
breaks in the United States. The higher ambient
water temperature of the tropics and poor handling
conditions likely contribute to the formation of

histamine (Ahmed, 1991). This helps to explain
how non-scombroid species can be vectors for his-
tamine poisoning.

A matrix effect occurs when the components of
the sample other than the analyte interfere with the
determination of the target analyte’s concentra-
tion. To account for the matrix effect and produce
an accurate quantification of the analyte, the
method of standard additions (MSA) is often used.
This method consists of measuring the analyte
within the sample before and after the addition of
known amounts of analyte standard (or “spikes™)
are added. The responses of the spiked and un-
spiked samples are plotted and regressions are
used to determine the analyte concentration in the
original sample (Saxberg, 1979). The FDA often
recommends this method for measuring furan con-
tent in food samples (Altaki, 2007). However,
MSA has mostly been used for liquid samples or
liquid extracts. The MSA method should be able
to be used for gas phase detection methods, given
that gas phase quantitation has been extensively
studied. Pinho and others (2002) have shown how
volatile measurement of solid-liquid matrices can
be done wusing solid-phase microextraction
(SPME) to measure volatile free fatty acids in
cheeses.

The aim of this study was to determine the con-
centration of biogenic amines in tuna and mahi-
mahi using a MSA procedure via volatile meas-
urement of biogenic amines and histamine. The
hypothesis was that the MSA procedure would al-
low for the determination of matrix effect of the
fish tissue along with the quantification of bio-
genic amines and histamine in both mahi-mahi
and tuna samples.

Materials and Methods

Samples and Sensory Grading System

Frozen mahi-mahi (Coryphaena hippurus) and
yellowfin tuna (Thunnus albacares) filets were
obtained from waters in the South Pacific near In-
donesia, and were evaluated by up to five FDA
and National Marine Fisheries Service (NMFS)
sensory experts during a grading session accord-
ing to the standard sensory grading system of the
FDA ORA Laboratory Manual (FDA, 2013). The
fish filets were received from the FDA/NMEFS fro-
zen, individually vacuum packed, and shipped
overnight on dry ice. Each filet had been evaluated
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by sensory experts and graded on a 1 through 7
scale, representing the quality of the fish. This
grading system is based on olfaction. Each filet
was rated on a 100-point scale and ranked into one
of seven grades. The cutoff between a pass and fail
sample is a score of 50, with all scores above 50
being a “pass” (grades 1-4) and all scores below
50 being a “fail” (grades 5-7). The same grading
scale was used in the work of Pivarnik et al.
(2001).

Storage and Preparation of Fish Samples

Upon arrival, the fish filets were stored at -20°C.
For each grade of fish, seven samples were de-
frosted overnight at room temperature (~20°C).
The defrosted filets were cut into smaller pieces
by hand, and then homogenized twice using a
blender (Total Blend Classic WildSide, Blendtec,
Orem, UT). In order to assure uniformity of sam-
ple, food grade dye was added to the sample to
confirm visually that the sample was homogenized
adequately. The individual homogenized filets
were combined and homogenized again to form a
single batch (a “composite” sample) of pureed fish
of one grade. Six 50 g samples of the homogenized
fish of each grade were used for the method of
standard addition experiment. The samples were
placed in sealed mason jars allowing for head-
space accumulation.

Preparation of Bromophenol Blue (BPB) Strips

A solution was prepared by dissolving 1% bromo-
phenol blue (BPB) (Acros Organics, Geel, Bel-
gium) in 70% aqueous ethanol (Fischer Scientific,
Pittsburgh, PA). One-inch squares of filter paper
were soaked in this solution for one minute before
being allowed to dry for an hour. These strips were
used to measure the volatile amine content of the
fish samples.

Colorimetric Evaluation — BPB Strips

The sample exposed BPB indicator strips were
measured using a colorimeter (Chroma Meter CR-
400/410, Konica Minolta, Tokyo, Japan) on the
L*a*b* scale. Unexposed indicator strips were
also measured using the colorimeter as the control
to the exposed strips. The difference in b* value
between the unexposed (control) and exposed
strips was calculated. Using the biogenic amine
standard curve (Figure 1), the ppm of volatile bio-
genic amines in the samples were detected and cal-
culated.

Biogenic Amine Standard Curve — BPB Strips

A biogenic amine standard curve was created us-
ing the biogenic amine standard cocktail (hista-
mine, cadaverine, tyramine, dimethylamine, tri-
methylamine) of four different concentrations (0,
10, 15, 20 and 50 ppm) in Milli-Q water (EMD
Millipore Synergy Ultrapure Water Systems,
Darmstadt, Germany). The BPB strips were ex-
posed to the solutions for 60 minutes in a sealed
jar. The b* value difference between the unex-
posed BPB indicator strips and the exposed BPB
strips was calculated to produce a standard curve
to confirm that the response of the aqueous bio-
genic amine solutions increased with concentra-
tion (Figure 1).

BPB Method of Standard Addition (MSA) Pro-
cedure

A biogenic amine standard cocktail was made
with equal concentrations of histamine (Sigma-
Aldrich, St Louis, MO), cadaverine (Fluka, Swit-
zerland), tyramine (Acros Organics, Geel, Bel-
gium), dimethylamine (Acros Organics, Geel,
Belgium), and

trimethylamine (Acros Organics, Geel, Belgium).
Three different concentrations of this cocktail
were used: 10 ppm, 20 ppm, and 50 ppm. The
cocktail was created and diluted with Milli-Q wa-
ter. Duplicate samples were run for each concen-
tration of standard cocktail. The spike cocktail was
mixed with the sample fish in a 1:1 ratio (50 g fish
to 50 mL spike solution). The unspiked sample
(initial reading) was 50 g of homogenized fish di-
luted with 50 mLs of Milli-Q water. Next, the BPB
indicator strips were added to the jars. The sam-
ples were heated in 45°C water bath (Isotemp 220,
Fischer Scientific, Pittsburgh, PA) for 60 minutes.
The calculated b* value was graphed against the
ppm of standard cocktail spike for each grade. A
standard addition plot was used to determine the
concentration of biogenic amines in each unspiked
sample by extrapolation of the equation of the line
to the x-axis.

Histamine ELISA Method of Standard Addi-
tion (MSA) Procedure

The AOAC (No. 070703) validated Neogen Vera-
tox ® test kit (Neogen Corp, Lansing, MI) is a his-
tamine-specific ELISA test that was utilized in
this study. In accordance with the kit instructions,
10 g samples of tuna or mahi-mahi were diluted
with a 10 mL spike of each standard cocktail con-
centration and 80 mL of Milli-Q water. The pro-
cedure was performed in duplicate for each spike
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concentration. The standard solutions provided
with the Veratox ® kit and standard biogenic
amines were used to construct separate standard
curves. The concentration of histamine was calcu-
lated both by using the software provided by the
manufacturer (Standard ELISA), and graphically
using the equation of the line. The ELISA-MSA
procedure using the equation of the line estab-
lished the point where the line intersected the x-
axis, thus giving the concentration of histamine in
the unspiked sample. Unspiked samples (5 repli-
cations per grade) were also analyzed using the
ELISA assay. The results of the ELISA assay
given by the manufacturer software are reported to
the third decimal place. Therefore, calculated his-
tamine concentrations have four significant fig-
ures (Ebbing and Gammon, 1998).

Results and Discussion

Two standard curves were created for the biogenic
amine cocktail. Figure 1 shows the standard curve
for the cocktail using the BPB strip method. The
b* score is the difference between the b* values of
the unexposed and exposed strips. The b* value of
the colorimeter represents a scale from yellow to
blue; the more yellow hue present, the more posi-
tive the b* value, alternatively the more blue hue
present, the more negative the b* value. With
higher amine concentration, the BPB strips be-
come more blue and as a result the b* difference
score (difference between the unexposed and ex-
posed strips) increases as the concentration of vol-
atile biogenic amines increases. Figure 2 shows
the standard curve for the cocktail using the
ELISA kit. Table 1 shows a comparison between
the actual histamine concentration as part of the
biogenic amine cocktail and the experimentally
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determined histamine values by the ELISA kit as-
say. This was done to observe if there was any
cross-reactivity with the other biogenic amines
present in the cocktail. It should be noted that the
actual histamine ppm represents the one-fifth por-
tion of the overall cocktail concentration that is
histamine. Multiple studies have shown that there
are no significant cross-reactivity issues with the
Neogen kit (Lupo and Mozola, 2011; Hungerford
and Hu, 2012). The results of this study are con-
sistent with these previous conclusions.

When comparing Figures 1 and 2, the shapes of
the two curves differ. Figure 2 shows a direct lin-
ear relationship between concentration of the
cocktail and concentration of detected histamine.
The graph in Figure 1 lacks this distinctive shape;
and the response is possibly an exponential rela-
tionship. This could be due to a number of reasons.
First is the quantitative limit for the colorimeter
and the strips themselves (the ability to differenti-
ate between two sets of values). As the concentra-
tion of the cocktail approaches 50 ppm, one of two
situations is likely occurring: the strips have re-
acted completely and can no longer change to a
more intense blue color or the colorimeter has
reached its detector saturation limit for the b*
value (the ability to measure a very negative b*
value). Therefore, it may have been possible the
colorimeter could not accurately measure the pro-
nounced blue color produced by a higher volatile
amine concentration. Dye impregnated mem-
branes have previously been used to indicate
freshness in other products (Kuswandi, 2013).
This type of technology is established, but quanti-
tation issues many have limited its application in
this particular situation.

Table 1. Expected vs. Actual Results of ELISA Cocktail Standard Curve.

Cocktail Concentration

Actual Histamine Concen-

Experimentally Determined
Histamine — Standard

(ppm) tration (ppm) ELISA (ppm)
10 2 3.894
15 3 5.496
20 4 7.358
50 10 15.91




Journal of Food and Health Science Dole et al., 2(2): 74-81 (2016)

Journal abbreviation: J Food Health Sci

Table 2. Mahi-Mahi Volatile Biogenic Amine and Histamine Results.

Volatile Biogenic

. Histamine (ppm) — Histamine (ppm) —
Grade A“]‘;l';g_l(\f’lg':) B ELISA-MSA Standard ELISA
M-1 35.17 3.389 8.399+2.9
M-2 34.67 0.4086 0.65+0.20
M-3 81.49 0.7989 3.690+ 1.5
M-4 41.83 0.3830 1.261 £0.23
M-5 33.53 0.9583 1.438 +0.32
M-7 99.05 24.21 155.3 +20

* £ Standard error (SE) is reported only for the Standard ELISA procedure since an MSA procedure does not
permit the computation of SE.

Table 3. Tuna Volatile Biogenic Amine and Histamine Results.

Volatile Biogenic

. Histamine (ppm) — Histamine (ppm) —

Grade A“]‘B‘;%S_l(\l/}g? - ELISA-MSA Standard ELISA

T-1 25.37 0.0867 0.2362 £0.072

T-2 256.0 0.0130 0.1329+0.13

T-3 58.60 0.0663 0.789 £0.27

T-4 111.0 0.0753 0+0.0

T-5 194.6 5.239 81.99 + 28

T-6 44.50 5.090 197.7+£71

T-7 27.10 0.5320 36.09 £ 6.8

* + Standard error (SE) is reported only for the Standard ELISA procedure since an MSA procedure
does not permit the computation of SE.
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Figure 1. Biogenic Amine Cocktail Standard Curve — BPB Strips.
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Figure 2. Biogenic Amine Cocktail Standard Curve — ELISA Assay.

The class and phase of analyte being measured can
account for these differences. The BPB strips
measure gas phase biogenic amines while the
ELISA kit measures liquid phase histamine. Ashie
(1996) showed that a number of compounds, in-
cluding trimethylamine, make up the volatile
aroma mixture given off by fish. This is part of the
reason why the standard cocktail used in this study
contains more than just histamine and why the
strips can be considered a non-specific assay. Be-
cause the grading of the fish is performed via ol-
factory detection, multiple volatile compounds
were needed to best formulate a legitimate spiking
solution. The ELISA assay, however, measures a
specific compound, rather than a class of com-
pounds. The phase of detection of this assay also
could impact its effectiveness in this situation. Ra-
ther than the analyte being driven off by heat, as is
the case with the BPB strip method, the histamine
is directly extracted in the liquid phase from the
fish, yielding a more direct means of detection.

The differences in the target analyte and detection
method are likely responsible for the difference in
the two standard curves when comparing the two
assays. Given the nature of the MSA methodol-
ogy, linearity of the graph is important for provid-
ing an accurate calculation of given analyte. When
comparing the two assays, BPB strips and ELISA,
the ELISA assay produced a curve with better lin-
earity and better curve fit (Figures 1 & 2). This is

likely due to the nature of the assay as discussed
above and how it more accurately measures a spe-
cific compound (histamine) versus a class of com-
pounds.

For the majority of the ELISA-MSA graphs used
to calculate the histamine content in the unspiked
samples, the linearity was ideal. Any poor linear-
ity for the ELISA graphs may be due to the limit
of quantitation with the Neogen assay. As the
grades of samples approached the “fail” range, ex-
tra dilution steps were necessary to bring the sam-
ple back within the ideal detection range for hista-
mine (2-40 ppm). The kit is more reliable within
the manufacturer specified detection range; any
samples analyzed that exceed this range (despite
further dilution) are more likely to be inaccurately
measured.

Graph linearity and the limit of quantitation of the
assays need to be taken into account when analyz-
ing the calculated ELISA-MSA values in the right
hand columns of Tables 2 and 3. The more accu-
rately calculated concentrations are for Grades 1-
5 in Table 2 given the linearity of the graphs that
were produced. Similarly, the calculated values in
Table 3 are also likely more accurate for the “pass”
grades. This trend for both mahi-mahi and tuna
samples demonstrates the limit for quantitation for
the ELISA assay.

In Table 3, we see an anomaly with the Grade 7
tuna: it has a much lower calculated histamine
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concentration than the other two “fail” grades
(Grades 5 and 6). This could be caused by an ini-
tial concentration that exceeded the detection
range of the assay. The Grade 7 tuna samples un-
derwent 3 extra dilutions to put it in the range of
quantitation, more than any other sample grade.
The limit of quantitation may explain the trend
shown in Table 3. As for Table 2, Grade 1 of the
mahi-mahi has higher histamine concentration
than any other grades excluding Grade 7.

Both Tables 2 and 3 show the results of the
ELISA-MSA and standard ELISA procedures.
When comparing the standard ELISA values to
the ELISA-MSA values, most of the standard
ELISA values are higher than those found in the
ELISA-MSA procedure. This may be attributed to
the methodology of how the ELISA-MSA
(spiked) concentrations were calculated and
demonstrates why linearity is a major factor in
producing accurate results with the MSA assay.

Overall, with both ELISA assays, greater hista-
mine concentrations are seen in lower quality sam-
ples (e.g. Grades 5, 6 and 7) as expected. In com-
parison, there is no true trend with the BPB-MSA
data. Lack of a linear increase of analyte as spoil-
age increases may be attributed to the poor linear-
ity of the graphs used to calculate the volatile bio-
genic amine contents, which relates back to the
overall matrix effect. Others have reported the less
linear the MSA graph is, the stronger the effect of
the matrix or other interfering compounds that in-
hibit the selectivity of the matrix (Saxberg, 1979).
When comparing the different natures of the two
assays and the results derived from them, it can be
deduced that the matrix effect is much more prom-
inent for gaseous phase (volatile) compounds than
liquid phase compounds.

The BPB-MSA results may be explained due to
the nature of volatile compounds: volatile com-
pounds tend to be lipophilic (lack hydrophobicity)
and therefore more likely to be bound in the flesh
than present in the gas phase (Druaux and Voilley,
1997). Comparing the MSA and ELISA method-
ologies demonstrates this principle. The data for
the ELISA (liquid-phase) assay followed more of
an expected pattern than for the BPB strips (gase-
ous-phase assay) likely due to the fact that there
was more of the histamine present in the flesh (his-
tamine is non-volatile), not bound by protein (his-
tamine is formed from unbound histidine) and pre-
sent mostly in the lipid portion of the fish. The re-
sults reported by Lerke (1978) demonstrated that
histamine is found in highest concentrations in the

lipid portion near the gut cavity. Both free histi-
dine and histamine is found in greater concentra-
tion in the fattier red muscle tissue (Hultin, 1984;
Lukton and Olcott, 1958; Takagi et al., 1969). A
major concern as fish spoil is protease breakdown,
which leads to muscle softening (Hultin, 1984).
Bacterial spoilage both directly causes formation
of histamine (Yamanaka, 1982) while also indi-
rectly breaking down protein through the for-
mation of trimethylamine oxide (Hultin, 1984).
The bacterial breakdown of the protein portion of
the fish by the protein creates a positive feedback
loop as it provides an ideal environment for further
microbiological growth (Lerke, 1967). The break-
down of the flesh through spoilage, and release of
biogenic amines that results, likely overwhelms
the BPB assay and leads to poor results for lower
quality (higher grade) samples.

Conclusion

The ELISA-MSA results demonstrated an in-
crease in histamine content as the quality of either
tuna or mahi-mahi decreased. A comparison of the
two assays (BPB strips and ELISA) showed that
the matrix effect was much stronger for volatile
compounds than aqueous compounds. The lipo-
philic nature of aromatic compounds helps par-
tially account for the discrepancy between the re-
sults of the two MSA assays. The ELISA assay
seemed to be better adept at extracting and detect-
ing the desired compounds, it provided a more ac-
curate representation of the trend in the fish sam-
ples; that is, histamine increases as quality de-
creases. Given these conclusions, the sensory
grading system does represent what it intends to: a
higher quality fish being safer to consume. How-
ever, the fact that these grades are based upon an
orthonasal panel draws into question how accurate
orthonasal measurement is for fish when there
seems to be such a strong matrix effect with the
volatile compounds. Further research should de-
termine what proportion of volatile spoilage indi-
cators (biogenic amines in this case) are present in
the liquid and gaseous phase at each grade to as-
sure that grading accurately reflects the safety of
the product.
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